The spread of carcinoma to the vertebral bodies has been studied by the long vertebral slice technique. Vertebral secondaries were found in one third of all patients with carcinoma, and in almost one half of those dying with distant metastases. Haematogenous dissemination and direct lymphatic spread both appeared to produce vertebral metastases. Radiology and less effective investigation of the skeleton at necropsy underestimate the incidence of bony metastases. This method is recommended as an easy and rapid one of examining the bone marrow, and gives a good indication of the presence of metastases in the whole of the skeletal system.
The examination of the skeleton is one of the most difficult aspects of necropsy technique. Methods, and their results, vary widely, and the bone marrow is commonly investigated less thoroughly than any other system. Of necessity the direct inspection of individual bones must be limited, and few patients can have a complete radiological survey of the skeleton before or after death. The removal of a long slice from the front of the vertebral bodies with a chisel in a series of 573 patients with carcinoma has demonstrated a high incidence of vertebral metastases. This method is quick and simple, and has produced unexpected information in so many necropsies that it is recommended as a valuable routine procedure for the general examination of the bone marrow.
MATERIAL AND METHODS
Necropsies were performed in the Central Middlesex Hospital on 1,775 consecutive adult patients over 20 years of age between January 1960 and September 1962; there were 919 males and 856 females. These represented approximately 70% of all patients dying in a regional acute general hospital. The material was unselected except for the almost complete exclusion of coroner's necropsies. but nearly all of these subjects were known to have died of diseases other than carcinoma, and it is believed that the carcinoma patients represented a reasonably complete and unbiased group. The age and sex distribution of all the patients, and those with carcinoma, is shown in Figure 1 .
Necropsy was periormed in each case; the trachea and mediastinal structures, including the thoracic aorta, were removed with the thoracic organs; the abdominal aorta and vena cava were excised with the kidneys. This Received for publication 27 September 1963. exposed the whole length of the cervical, dorsal, and lumbar vertebral bodies, and a complete coronal slice was removed in one piece from the fronts of the vertebral bodies with a 2 in. chisel was used with the bevel downwards and was struck with a mallet, starting at the fifth lumbar vertebra and working upwards; when the lower dorsal vertebrae wete reached the curvature of the spine made it difficult to keep the slice parallel to the front of the vertebral bodies, and it was now easier to withdraw the chisel and to start again, working from the lower cervical vertebrae downwards until this cut joined up with the lower cut. A slice approximately 40 cm. long, 1 cm. thick, and averaging 3 cm. in width came away (Fig. 2) . This was suitable for photography and histology and required no cleaning as there was no bone dust covering the bone marrow. The body was not mutilated and there was no need for special reconstruction, as is necessary after the removal of a long bone. The technique is rapid and can be carried out by a post-mortem room attendant in less than one minute. The complete absence of bone dust made interpretation of the chisel slice far easier than that of a wedge sawn from the lumbar vertebrae; the colour and consistency of the bone marrow were well preserved, and individual bony trabeculae could be seen. It was found that in the majority of cases the presence or absence of vertebral metastases was clear from macroscopic examination ( Fig. 3) , though inexperienced pathologists tended to mistake patches of fatty marrow (common in the aged), old fractures, Schmorl's nodes, or fibrous scars for secondary carcinomata. In a few instances, diffuse carcinomatous infiltration of the bone marrow due to oat cell carcinoma of the bronchus produced very little macroscopic abnormality. Histological sections were examined routinely from selected areas from the vertebral slice, whether metastases were seen macroscopically or not; a small number of false negatives seem to be unavoidable on naked-eye examination, but false positives were infrequent after experience with this method. Specimens were fixed in formalin and decalcified with 5% formic acid; cellular detail was well preserved and there was no significant crushing or distortion of marrow structure. In addition to the vetrebral slice, the chisel may be used to remove the whole of some vertebral bodies in order to expose localized areas of the spinal cord. This quickly produced specimens without the necessity of turning the body over, and was useful if only part of the spinal cord required examinatioin.
FINDINGS
The 1,775 necropsies included 575 patients with carcinoma (32 %). Cases of primary bone marrow disease (leukaemia, myeloma, etc.) played no direct part in the final illness. There were 330 men and 245 women with carcinoma; their age distribution is shown in Figure 1 . In men, the incidence of carcinoma was reasonably constant throughout all decades (approximately 30 to 40%/), and did not diminish greatly with old age, but in women there was a peak incidence of carcinoma in the sixth decade, with a steadily falling incidence in subsequent decades (Fig. 4) . The commonest primary site of carcinoma was lung (190 patients, including bronchus, lung, and pleura), followed by intestine (73), breast (69), and stomach (66); the primary sites, with the sex distribution, are shown in Figure 5 . (Fig. 8) .
The percentage of vertebral metastases has been compared with that of metastases in the other main ENAL viscera (Fig. 9) 
The lumbar vertebral bodies were the most common sites of a metastatic carcinoma, and the fifth lumbar vertebral body was the one with the greatest number of metastases. Dorsal vertebral bodies were frequently involved, but when they were the site of secondary carcinoma, one or more lumbar vertebrae usually also contained secondaries. Solitary dorsal vertebral metastases were found, but were rare; solitary cervical vertebral metastases were even rarer. All the cervical vertebral bodies have not been examined, as only the lower bodies were included in the slice; secondaries in these were uncommon unless there was extensive vertebral involvement by carcinoma. The ratio of the areas of the bone marrow available for direct examination in the cervical, dorsal, and lumbar bodies was 2:5:4; the ratio of bone marrow volume was 2:8:9. This indicates that vertebral bone marrow volume can be the cause of preferential lumbar vertebral metastasis, though we believe other factors are also involved. The site of the primary carcinoma was of importance, as elective lumbar vertebral body metastasis was seen most commonly in carcinomas arising primarily in the pelvis. If the pelvic cavity contained carcinoma, either from the uterus, prostate, or bladder, the lower lumbar vertebrae were often involved; upward spread in a centrifugal pattern did appear to take place in the vertebral bodies. Many cases of prostatic carcinoma showed such extensive vertebral carcinomatosis that the mode of spread could not be assessed, and others showed metastases scattered in a random manner, but our findings are not in accord with those of Willis (1960) who found no elective or ascending lumbar metastasis and discounted direct extension from the pelvis. Of the eight patients with vertebral metastases from carcinoma of the cervix, three had solitary involvement of L.5, and another showed carcinoma in L.4 and L.5 only. These indications of direct lymphatic spread, in contrast to haematogenous dissemination, will be discussed later.
HAEMATOLOGICAL CHANGES
Changes in the peripheral blood in patients with vertebral secondaries have been slight. Only a few of those with widespread destruction of vertebral bone marrow by carcinoma showed any evidence of leucoerythroblastic anaemia. The capacity of adult long bones with fatty marrow for taking over haemopoiesis in patients with slower growing vertebral metastases (usually from breast and prostate) appears to be sufficient to make peripheral blood changes a rarity. Moreover, in patients with extensive vertebral carcinomatosis, extramedullary haemopoiesis in the spleen and to a lesser extent in other organs was seen histologically. Anaemia and mild leucopenia have been noted more frequently, but so many alternative explanations for these have been present-haemorrhage, infection, iron deficiency, radiotherapy, cytotoxic drugs-that it was not possible to incriminate bone marrow replacement with any degree of certainty in many cases.
In a few untreated cases of oat-cell carcinoma, terminal purpura or frank haemorrhage have occurred. In these the bone marrow was slightly pale or macroscopically normal, but histology showed a diffuse oat-cell carcinomatous infiltration of the vertebral bone marrow, and it seems that thrombocytopenia has been the first manifestation of an acute bone marrow failure. This investigation has shown that irritative effects of metastases upon vertebral bone marrow are uncommon in comparison with the large numbers of bony metastases that have been found, and that the normal compensatory mechanisms for producing bone marrow in the skeleton are sufficient in nearly all cases, excepting those with a fulminating diffuse infiltration of the bone marrow with carcinoma cells.
RADIOLOGICAL CHANGES
The majority of the patients had some radiological investigations a short time before death. Most of these radiographs (chest, abdomen etc.) included vertebral bodies, and some patients had undergone specialized radiological investigation of the whole vertebral column for the demonstration of vertebral metastases. This routine radiology demonstrated a high proportion of the long-standing vertebral metastases (usually from breast) and almost all the vertebral carcinomata which were osteoblastic (mainly from prostate) or severely osteolytic. Histology showed a clear relationship between osteoblastic and sclerotic metastases and positive radiology, with a less clear association between osteolytic metastases and radiological changes unless the osteolysis was gross. There remained a large group with metastases (over 50 %) where radiology was negative or inadequate, and in these histology showed carcinomatous replacement of the bone marrow without significant bone change or fibrosis (Fig. 11) . In these cases of vertebral metastasis without alteration of bone structure, often primary carcinomata of lung with recent metastases, it cannot be expected that radiology will be reliable. Young and Funk (1953) There has been considerable disagreement in the reported overall incidence of metastatic carcinomata in the skeleton. In large series, such as those of Kitain (1922) and Willis (1952) , low figures of 9 and 13 6 % respectively were found. Other authors found a higher incidence; Fraenkel (1902) reported vertebral metastases in 20% and Zemgulys (1931) and Schopper (1939) , reviewing a large number of German papers, both considered that metastases to the skeleton were found at necropsy in 20 to 30% of all cases of malignant disease. These variations are due largely to differences in necropsy technique, since the number of bones examined varied widely, and in many papers it was not stated which bones were examined. The older reports did not contain the large numbers of primary carcinomata of the lung that are present in this series, but it has already been shown that the complete exclusion of lung carcinoma from the present series only reduces the figure of vertebral metastasis from 33 to 30%.
Even when the vertebral slice is used as the only skeletal examination, it appears to give a reasonably accurate indication of the presence of metastases in the whole of the skeletal system. Clearly no single bone can be a reliable guide to the state of another bone, but there does seem to be good evidence that the vertebral bodies are the best indication of bony metastasis. Von Recklinghausen (1891) stated that the order of frequency of metastatic carcinoma in different parts of the skeleton was as follows:
vertebrae, femur, pelvis, ribs, sternum, humerus, and skull. The bony metastases analysed by Kaufmann (1902) , Simpson (1926 ), Purckhauer (1928 , Aufses (1930) , Lenz and Freid (1931) (Table I ). The majority of vertebral metastases were associated with multiple systemic visceral secondaries, and could have been haematogenous. Arterial dissemination of carcinoma cells to the skeleton is theoretically likely in all the cases of primary carcinoma of the lung (190 patients) and in those with metastatic carcinoma in the lungs (106 additional patients). However, the overall incidence of metastases to the vertebral bodies was higher than that to the lungs (see Fig. 9 ), and in the whole series there were 53 cases with vertebral metastases which showed no macroscopic evidence of carcinoma in the lungs. Sections of the lungs were examined from all these patients, and in a few microscopic carcinomatous lymphangitis was found. It may be that more extensive histological examination of the (Batson, 1940; Henriques, 1962) examination with accurate selection of material for histology; we do not believe that all the vertebral metastases are haematogenous, but feel that paravertebral spread has contributed to the total number of vertebrae invaded by carcinoma. The absence of radiological changes in many vertebral bodies containing metastatic carcinoma, especially in cases of short duration, usually arising from the lungs, has been emphasized in the past (Shackman and Harrison, 1948; Young and Funk, 1953) . The routine use of radiology by clinicians for the exclusion of bony metastases and the increasing use of post-mortem radiology by pathologists has perpetuated the idea that this is an accurate and reliable investigation, but it must be stressed again that this is not so in the case of all metastatic carcinomas. The reputation of radiology is based upon the high incidence of positive findings in primary bone tumours and certain secondary tumours, especially those from breasts and prostate. This under-diagnosis of vertebral metastasis by radiology has been supported by pathologists who have been reluctant to examine the skeleton or who have done so by inadequate techniques such as the split femur or sternum or the sawn lumbar vertebral wedge; all these methods examine a limited amount of red bone marrow that is obscured by bone dust. The combination of negative clinical and radiological findings with ineffective post-mortem examination has produced an impression that bony metastases are not common except from certain primary carcinomas; this study, based upon the examination of the vertebral bodies and supported by histology, has clearly shown that between one third and one half of all patients with metastatic carcinoma die with bony secondaries, and that the skeleton comes second only to the liver in the order of frequency of the sites of metastases.
